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[0010] 

Fig. 1 and Fig. 2 show an example of a phase-type diffractive 
optical device according to the present invention. As shown in the 
diagrams, the phase-type diffractive optical device is unit patterns P 
having phase modulation capabilities, that are different from each other, 
arranged on a plane. Each of the unit patterns P is made up of 
concavo-convex units, each of which having a period shorter than a 
wavelength of the light to be used. A phase modulation capability is 
obtained by the concavo-convex units having a period shorter than a 
wavelength of the light to be used. Then, in the optical device, phase 
modulation capabilities between unit patterns P are differed by having 
different ratio of length between a concave unit and a convex unit in the 
concavo-convex unit in a unit of pattern. Accordingly, a height of a 
unit pattern P until a convex unit is practically constant among the unit 
patterns. 
[0011] 

When a beam of a wavelength in the permeable-type diffractive 
grating having a periodical structure is entered, a rectilinear 
zeroth-order beam and multiple higher-order lights are outputted. 
However, if the period of the periodical structure is shortened and the 
value becomes as long as a wavelength of the incoming beam or less 
than a wavelength, a diffractive condition for the higher-order lights is 
not established. Therefore, the output is practically only the 
zeroth-order beam. The diffractive grating herein is called 
zeroth-order grating. The phase of this zeroth-order grating is 
modulated by an "effective refractive index" indicating in the 
zeroth-order grating. The effective refractive index depends on a 
parameter of the grating so that its value can be changed in a certain 
range (effective refractive index method, effective media theory. Fig. 
3 is a graph showing a state in which an effective refractive index in the 
two dimensional pillar type or hole type zeroth-order grating formed on 
a quartz glass substrate (refractive index n=1.46) depends on a ratio of 
pillar and hole in a concavo-convex period. The pillar and hole are 
distinguished by a structure of the concavo-convex period of the optical 
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device. In the case where a square black portion shown in Fig. 1 is a 
portion remained in a pillar shape without being removed by etching, 
the portion is called "pillar". In the case where the portion is removed 
by etching and becomes an excavation, the portion is called "hole". In 
Fig. 1, the horizontal width of the pillar or the hole is indicated as a, the 
vertical width is indicated as b, and a period of the concavo-convex unit 
is indicated as T. The a/T or b/T that is a ratio of the pillar width or the 
hole width in the concavo-convex period is defined as a filling factor. 
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